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Studies of LC and LED Properties of Conjugated Molecules Containing
Side Groups
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Abstract

A few kinds of novel heterocyclic
materials and hydrogen-bonded (H-bonded)
liquid crystalline (LC) materials will be
designed and synthesized in this project, and
these monomers containing heterocyclic and
H-bonded structures will be expanded to

various  polymers, including side-chain
polymers,  main-chain  polymers, and
cross-linking  polymers. Both LED

(light-emitting diode) and physical properties
of these heterocyclic and H-bonded monomers
and polymers will be studied. Extending the
study of liquid crystalline materials, several
series of high performance main-chain LED
polymers, side-chain LED polymers, and
electroluminescent LC polymers, including
LED polymer blends containing organic LED
molecules, LED H-bonded LC polymers
containing LED moieties will be explored and
made into LED devices. The goal of
developing these LED materials and devices
are as follows:

(1) LED polymers with high EL efficiency:
Synthesis of novel electro-optical molecules
consisting of three to five conjugated rings by
tuning their conjugation lengths, ring structures,
and lateral substituents to develope high
If the

end groups of the LED moieties are pyridine

performance LED polymers or blends.



rings, H-bonded complexes can be obtained by
complexation with acid donors.
(2) High performance polarized LED: To
acquire polarized LED, electroluminescent LC
polymers will be aligned by heating to their LC
phases on a rubbing surface. After cooling to
room temperature, the well defined orientation
of the LC polymers will be fabricated into
polarized LED devices. The polarized
efficiency of LED devices will be related to the
chemical structure, LC type, and alignment
process.
(3) Nano-scaled LED materials: Synthesis of
novel rod-coil diblock or triblock copolymers
containing previous molecules consisting of
three to five conjugated rings as conjugated
rigid blocks plus coil flexible blocks to form
nano-scaled LED materials. Different
conjugated rigid blocks and coil flexible blocks
will influence the dimension of the nano-scale
and the morphology, and thus to affect the
electro-optical properties of the LED moieties.
In general, the influence of the molecular
architecture, including main-chain LED
polymers, side-chain LED polymers, LED
copolymers, and supramolecular LED polymers,
on the promotion of the efficiency of the LED
materials and devices will be compared and
evaluated.

Keywords: Heterocyclic Materials,
Hydrogen-bonded (H-bonded) Liquid
Crystalline Materials, Cross-linking Polymers,
Main-chain LED Polymer, Side-chain LED
Polymer, Photoluminescent LC Polymer, LED
H-bonded LC Polymer, Polarized LED,
Nano-scaled LED Materials.
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Scheme 1. The synthetic

1,3,4-oxadiazole-based materials.
H B

wheren =6, 8, and 1
and X =Me, OMe, F, CI CN, and NO2

route of

Table 1. Phase behavior of n-NPO-X

derivatives®
ONPOMe “ ' o-Npo-Cl « 130.3(-31.5 S 153.8(4.8) !
115 o K 6D
6.1 (- 106.7 (-0.3) T YYP T — R IETT T
BNPOMe K ! 852 (-1.0) 1180 (:25.8) 157.5(-5.6)
d
6l (g Ao O
4 130.0(-12) 162.7 (30.0) 167.1(0.1)
1210 (329) 118.4(-304) 165.5(03)
325 o0 01

655 0.4) 1433 063) 167.118)
a0 s SNPOCN K '
2 N I (0. 42.0(-8.6) 126.4 (-25.8) 165.0 (-1.9)
91709 O ~ 19)
ENPO-OMe K g k1 \
102507 szx £.7(13.9) 132.2.263) 1725 3.0)
2w 10NPO-CN @ '
649(:29.4) 1189 (26.3) 170.5(2.9)
ss1 21 110003
N ! 882(-7.1) 165.4(35.4) 190.4 (3.1)
PRl ol
6-NPO-NO2 K ——— smE ——— SM
94019 14602 599 (15) Tosci04 187932
ENPO-OMe K e N T
795(266)  1131(04)
919 (14.1) 1437.(102) 2026 (44)
110.1609)  132(02) SNPONO:  sme sma
10NPO-OMe K e N e | 139.1¢10.1) 2003 (4.4)
76.5(-27.4) 1116 (-1.4)
1177.319) 1393 2.1)
NPOT @ . R
— ™ 910 (197) 18153112 2039 (53
995 (-13) %?\ > 0NPONO: K '
oy S (3 00149 T73CI) 2016(53)
%,
1000(36) 1270 283) 1349 (44)
SNPOF
927(32) 1059 (267) 1324 (45
50567 1159(19.5) 13426)
10-NPO-F K _—
756 (-34) 96.4 (-19.0) 131.8(-3.8)

Table 2. Absorption and photolumines- cence
spectra of 8-NPO derivatives.

8-NPO- 8-NPO 8-NPO 8-NPO 8-NPO 8-NPO

Me -OMe -F Cl -CN -NO,
Absorption

323 325 323 329 338 346
peaks, nm
Emission

peak (PL), | 374 377 375 383 417 390
nm

Rel.

quantum

. 1 1.05 0.95 1.3 1.05 0.05
yield

Table 3. PL dichroic ratio (Dpr) and order
parameter of n-NPO-X in various conditions.

10-NP 6-NPO-O 10-NP 10-NP 10-NP 10-NPO
O-Me Me O-F 0O-Cl 0-CN -NO,
Maximum PL | 3.4 1.9 1.4 1.7
1.8 1.6
dichroic ratio®, | (100 (110 (150 (130
85 ) (150 )
(Dp=1/1) ) ) ) )
Order
0.44 0.21 0.23 0.11 0.19 0.17
parameter”
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Figure 1. The effect of polar substituents on

the transition temperatures (dipole increases
from left to right). (A) clearing point,
(B)melting point, (C) liquid crystallization
temperature (on cooling), (D)crystallization
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Figure 2. The effect of polar substituents on
the mesophase range during heating and
cooling cycles. (dipole increases from left to
right).
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Scheme 2. Proton acceptor.

(U) - PBBPOCS
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4-Decyloxy-benzoic acid

(A)- OBA
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D)o

6-Decyloxy-naphthalene-2-carboxylic acid

(B) - ONA

HOOC/@\COOH

S

Thiophene-2,5-dicarboxylic acid

(C) - THDA

Scheme 3. Proton donor

Table 4. The phase transition temperature of
donor and acceptor.

Compound Phase Behavior - ‘C(J/g)
PBBBrOC4 K 86.4(24.1) 1 H
160.4(-23.4) K C
PBBPOC4 K217.7(30.8) 1 H
1206.5(-33.4) K c
PBBBrOC8 K 61.0(20.9) 1 H
1442 K C
PBBPOC8 K 154.9(28.2) 1 H
1145.2(-28.9) K C

Table 5. The phase transition temperature of
H-bonding complexes.

Compound Phase Behavior-"C (J/g)
PBBBrOC4 K86.4(24.1)1 H
160.4(-23.4) K fe
PBBBrOC4 K 84.1(36.6) 1 H
-OBA 138.6(-18.3) K C
PBBBrOC4 K 104.93.3) 1 H
-ONA 182.2(-3.8) K C
PBBBrOC4 K 157.9(38.8) 1 H
-THDA 1131.5(-22.3) K C

Table 6. The phase transition temperature of
PBBBrOCS8 and H-bonding complexes.

Compound Phase Behavior-"C (J/g)
PBBBrOC8 K 61.0(20.9) 1 H
144.2*K C
PBBBrOC8 K 71.73(4.3) 1 H
-OBA 151.6(-2.7) K C
PBBBrOC8 K 102.7(5.7) 1 H
-ONA 174.8(-4.0) K C
PBBBrOC8 1200* K H
-THDA K181*1 C

Table 7. The phase transition temperature of
PBBBrOC4 and H-bonding complexes.
Compound Phase Behavior-"C (J/g)
PBBPOC4 K 217.7(30.8) I H
1206.5(-33.4) K c
PBBPOC4 K 89.3(3.3) K’97.3(4.3) K”131.8(41.0) I H
-OBA 1114.3(-35.2) K” 90.8(-5.1) K’ 68.9(-3.8) K C
PBBPOC4 K 139.6(42.8) I H
-ONA 1134* N 100* K C
PBBPOC4 K 137.5(1.4) K’ 186.5(18.5) I H
-THDA 1164.4(-16.6) K C
Table 8. The phase transition temperature of
PBBPOC4 and H-bonding complexes.
Compound Phase Behavior-"C (J/g)
PBBPOCS K 154.9(28.2) 1 H
1145.2(-28.9) K [¢
PBBPOCS K 110.5(42.1) 1 H
-OBA 196.1(-43.9) c
PBBPOC8 K 125% 1 H
-ONA 1100* N 95*K C
PBBPOC8 K175.6(2.1) 1 H
-THDA 1143.2(-:2.1) K C




Table 9. The A max of H-bonding acceptor

Table 13. The phase transition temperature of

for optical properties. PBBBPOMe-OCS8 and their H-bonding

Pure sample UV(nm) PL(nm)-soln PL(nm)-film D(%) Complexes'

PBBPM. 394 456. 476 505 4l Sample Phase Behavior J/g)

< * PBBBPOMe-OC8 K 141.8(-6.4) K* 180.0(50.8) 1 H

PBBPOMe 330, 388 454, 470 507 35 1113.6 (-38.7) K C
PBBBPOMe-OC8 K 122.5(39.8) I H

PBBBrOC4 325,412 474 532 62 -OBA 1100.4(-19.4) N 95.7(-18.3) K C
PBBBPOMe-OC8 K 131.1(16.6) K’ 150.9 (48.9) I H

PBBPOC4 341,448 499 559 67 -ONA 1130 (-1.7) N 125.7(-45.5) K? 74.3(-17.4) K C
PBBBPOMe-OC8 K 280*% I H

PBBBrOC8 326,412 475 510 59 _THDA 1230% K C

PBBPOCS 341, 441 500 552 70

Table 10. The A max of H-bonding complexes
of photoluminescent properties.

Pure OBA ONA THDA
PBBBrOC4 532 559 573 600
PBBPOC4 559 596 590
PBBBrOC8 510 518 523 585
PBBPOCS 552 556 585

Table 11. The data of CV and band gap.

Pure sample Ronsee(NM) Ep(mV) IP(eV)- Ea(eV)- Eg(eV)
HOMO LUMO

PBBBrOC4 515 819 5.30 2.89 241

PBBPOC4 570 1286 5.76 3.58 2.18

PBBBrOC8 525 933 5.41 3.05 2.36

PBBPOC8 547 1347 5.82 3.55 2.27

R=C,H, (PBBBPOMc-OC4)
R=CgH,; (PBBBPOMc-OC8)
R=C,,H,s (PBBBPOMe-OC12)

uoo(-—@—ocmu,,

R=C,H, (PBBBPMe-OC4)
R=CgH,; (PBBBPMe-OCS)
R=C;Hys (PBBBPMe-OC12)

—
s

4-Decyloxy-h Decyloxy-naphthalene
acid -2-carboxylic acid
(OBA) (ONA)

Thiophene-2,5-dicarboxylic acid

(THDA)

Scheme 4.

Table 12. The phase transition temperature of
acceptors and their H-bonding complexes.

Sample Phase Behavior
g
PBBBPOMe-OC4
K 287* 1
1258* K

PBBBPOMe-OC8
K 141.8(-6.4) K> 180.0(50.8) I

1113.6 (-38.7) K
K 97.4(-14.5) K’ 120.0(13.7) I
PBBBPMe-OC4 192* K
K 233.1(38.1)1
1212 (-38.8) K
K 1642 (32.4)1
1146.7 (-31.4) K
K 149.6 34.3) 1
11323 (-34.0) K
K 128.5(10.1) K’ 230.2(52.6) 1
1220.6(-54.8) K’ 120.4(-11.0) K
K 68.3(8.1) K?218.7(63.7) T
1194.9(-64.9) K’ 63.7(-8.8) K
K 85.1(8.9) 5,96.0(30.3) S 123.7(4.5) N 142.4(7.7) T
OBA 1139.7(-7.7) N 120.5(-4.3) S8, 90.2(-31.1) §,69.4(-21.5) K
K 104.8(0.7) K® 136.3(39.4) S, 140.5(2.9) N 175.9(7.7) I
ONA 1173.3(-4.7) N 138.4(-3.6) S.120.3(-40.3) K’ 89.7(-1.7) K
K 300% 1

PBBBPOMe-OC12

PBBBPMe-OC8
PBBBPMe-OC12
PBBBP-OCS*

PBBBP-OC12*

=No¥--Nok--Kol--No}--Ko}--Nok-Kol--Ko}--Kok--Kok:]

THDA

Table 14. The phase transition temperature of

PBBBPOMe-OC12 and their H-bonding
complexes.
Sample Phase Behavior J/g)

PBBBPOMe-OC12 K 97.4(-14.5) K> 120.0(13.7) 1 H
192K C
PBBBPOMe-OC12 K 96.0(0.9) K* 132.0 (46.9) I H
-OBA 1108.6(-47.3) K’ 87.7(-1.0) K C
PBBBPOMe-OC12 K 149.8(49.1) I H
-ONA 1123.8(-44.8) K C
PBBBPOMe-OC12 K 255*%1 H
-THDA 1215% K C

Table 15. The phase transition temperature of

PBBBPMe-OC8  and  their  H-bonding
complexes.
Sample Phase Behavior J/g)

PBBBPMe-OC8 K 1642 (32.4)1 H
1146.7 (-31.4) K C
PBBBPMe-OC8 K 127 (50) N 141.2(1.37) I H
-OBA 1139.1 (-1.5) N 89.8 (-36.1) K C
PBBBPMe-OC8 K 102.9 (4.1) K> 141.7 (40.4) N 164.6(1.8) I H
-ONA 1162.4 (-1.6) N 78.5 (-35.0) K C
PBBBPMe-OC8 K271.5%1 H
-THDA 1239* K C

Table 16. The phase transition temperature of

PBBBPMe-OC12 and their H-bonding
complexes.
Sample Phase Behavior J/g)

PBBBPMe-OC12 K 149.6 (34.3) 1 H
11323 (-34.0) K c
PBBBPMe-OC12-OB K 74.5 (-20.5) K’ 110.9(49.6) N 124.2(1.4) 1 H
A 1121.9(-1.7) N 88.1 (-21.9) K> 70.1(-10.1) K C
PBBBPMe-OC12 K 105.9(9.4) K’ 115.7 (27.9) N 144.7(1.4) 1 H
-ONA 1142.5(-1.5) N 81.2 (-20.7) K* 75.7(-9.2) K C
PBBBPMe-OC12-TH K230%1 H
DA 1192* K C

Table 17. The phase transition temperature of
PBBBP-OR H-bonding complexes.

Sample Phase Behavior J/g)

PBBBP-OC8 K 148.6 (52.3) N 191.3(1.0) I H
-OBA 1187.4(-0.8) N 136.7 (-56.3) K C

PBBBP-OC8 K 128.9 (-11.0) K* 141.9(48.7) N 215.7(0.8) I H
-ONA 1213.0* N 118 (-38.2) K C

PBBBP-OC12 K 135.3(43.8) N 175.6(1.4) I H
-OBA 1166.0(-1.6) N 116.3 (-53.9) K C

PBBBP-OC12 K 87.8(2.5) K’ 128.0(37.1) N201* I H
-ONA 1200.0* N 107.1(-107.1) K> 76.7(-75.7) I C




Table 18. The A max of H-bonding complexes
for UV-Vis, photoluminescence and quantum

yield properties.
PL PL
uv " Y
Sample A max (nm) A max (nm) D" (%)
A max (nM)*
Solution* Film
PBBBPOMe-OC4 458 528 595 66
PBBBPOMe-OC8 458 528 588 63
PBBBPOMe-OC12 459 527 596 62
PBBBPMe-OC4 428 507 572 70
PBBBPMe-OC8 426 511 564 83
PBBBPMe-OC12 427 507 562 85
PBBBP-OC8 432 502 549 -
PBBBP-OC12 423 503 573 -

Table 19. The A max of H-bonding complexes
for photoluminescence spectra.

A may (NM) Pure Blend OBA ONA THDA
PBBBPOMe-OC8 588 578 611 638 668
PBBBPOMe-OC12 599 581 642 659 677
PBBBPMe-OC8 564 557 562 565 630
PBBBPMe-OC12 562 553 569 577 633
PBBBP-OCS* 549 - 555 551 -
PBBBP-OC12* 573 - 571 568 -
Table 20. The data of CV and band gap.
Sample Ronset E, (&) Ip (eV) Ea (eV)
(nm) HOMO LUMO
PBBBPOMe-OC12 520 238 527 2.89
PBBBPMe-OC12 491 2.52 5.48 2.86




